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The plasma density limit and its mechanism are 
interesting theme of the LHD experiment. Especially the 
density limit is important from the viewpoint of the reactor 
design. We investigated the density limit of the NBI heated 
plasmas in LHD. The density limit scaling of the helical 
devices proposed by S. Sudo 1) is as follows, 
1) 
where Pinj is injected power (MW), Br is magnetic field 
strength (Tesla), ap and Rp are plasma minor and major radii 
(m), respectively. 
From the third cycle experiments, magnetic field 
strength was raised to 2.8 Tesla and the power of NBis was 
also raised. The machine condition was improved 
extremely and the plasma performance was also improved. 
As a result, we observed higher density than that in the 2nd 
cycle experiments. 
The density limit of the discharge without radiation 
collapse is defined as the maximum density during heating. 
However the density limit of the discharge with radiation 
collapse is defined as the density before the collapse. 
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Fig. I. The plasma volume dependence of the various helical 
devices. 
The dependences of Pinj and Br are investigated using 
the LHD results. The results of the regressing analysis 
show that the dependences of Pinj and Br are same as the 
previous scaling expressed by Eq. 1. The dependence of 
the plasma volume (a/Rp) is investigated using the database 
in reference I and of LHD results. Figure I shows the 
14 
volume (a/Rp) dependence on the density limit of the 
various helical devices. The fitting curve in Fig. I indicates 
the dependence of (ap2Rpr0.423 . According to these results, 
the new density limit scaling is expressed as follows, 
2) 
Figure 2 shows the new density limit scaling of the 
helical devices. Higher density region is agrees well with 
the new scaling. The difference between the previous 
scaling and the new scaling may be caused by the radiation 
profiles. As the plasma minor radius of the LHD plasma is 
larger than the former helical devices and the electron 
temperature is also higher, the radiation loss region caused 
by the light impurities is localized near the peripheral region. 
As a result, the effective plasma volume for the radiation 
loss becomes small. 
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Fig. 2. The new density limit scaling of the helical devices. 
Thick line is the density limit proposed here and thin 
line is twice of this density limit. 
Although the densities of the pellet injecting shots are 
higher than those of the NBI heated plasmas, the results of 
the pellet injection are removed in this analysis. The reason 
may be the difference of the density (or radiation) profile 
between the pellet injection and the gas puffing. It needs to 
add other term in this scaling related to the fueling method 
or density (or radiation) profile. 
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